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(54) DISK DEVICE 
(57) Abstract: 

PROBLEM TO BE SOLVED: To 
provide a disk device permitting 
stable positioning control even if 
disturbances such as shocks and 
vibrations largely when a head is 
following up a track. 

SOLUTION: The disk device is 
provided with an actuator 7 for 
positioning a magnetic head 2 to a 
disk 1, a means 10 for driving an 
actuator 7, a voltage detection 
. means 1 1 for outputting a voltage 
signal Va generated in driving the 
actuator 1, a disturbance estimation 
means 1 2 for estimating a size of a 
disturbance load xd applied to the 
magnetic head 2 from a driving 
signal u and the voltage signal Va 
and outputting a disturbance 
estimation signal xdest, a position 
detection means 13 for generating a 
position error signal e corresponding 
to the present position of the 
magnetic head 2, a position control 
means 14 for generating a control 
signal c from the position error 
signal e, and a compensator 1 5 for 
outputting a driving signal u from 
the disturbance estimation signal x 
dest and the control signal c, and 
thus positioning of the head to a 
target track is stably performed 
against external shocks and 
vibrations. 
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(54) \3m<o%,m f^xi'St 



(57) [Sft] 

ib^Mfiioi:, r^^-* 7ffl|gt!!t*3v\T#64-r 
smff«^vatiH*-r*«£E*m*si it, mmm 

rd©*s3£*j£L*a«£e^rd e st*w#-f a* 

ff-ffe J:5««l«^e*Sdira(ft«»JW*«l 4 




1 

«^fc*lo«»**llf«»l©lli»^ah, «u8BJ± 

ftusBii 1 ®H»¥S©m*^^>B9ffl^ 2©iR**«©fcU 

«F»B«E«*fcffifffi»2©*^«(Z)UiAi:*Jt«EUx 
^©^^^Huf3m2 ©^»^^^mj|Bm 1 co^^fiS^ 

i fcia*©^ 

[W*B3] fVx^i:^btA 7 K©ffi«fta&*fr 

fi^*£jSba*T3teHteai¥ffl!^ gffflK&flrefc: 

SLjf^afciJWiU fjfBIEtt«-^«mIf3teg»Jffl]« 
% i: 85 ffi^ftH « A **^j«bTfl^n*«fc3fc«J«S 

©t&ffibfcSffifi^tfA^ftSJti^lfti:. iuSBtoM 
ffitttt*«0ffi*fcSB2©«»*«»-rs*2(Z)*»* 

mm i ©jta^s^tB^-rs zoizmmztix^zzt 
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2 

&m&m l^^tmmA^xcowrn^izm 

T#lS*3— #©3-*©«ffflffil«rtT*©'J>£ < h& 

io >*fc»!fi;*ia^J»«bTttaigK^««*iiT^sc: 

[0 0 0 1 ] 

[«w©«-rsiiffi#»] am^ypfc*?© 

**©B« h 5 ^^©mH©ffig-NiS^StcteS 
SfetSr^ **««fcBlb, £ 6£5*>f ^ tmmizft 

20 ««*&£©*&£ ±5^* k © h^y^-rtLiWffl-r 

[0 0 0 2 ] 

-£©£#>. M^tJ X^lz^—p^UUm^TZtz®, 
[0 0 0 3 ] ft*©^^* **SS«lC*5^Ttt. Kfl 

staaa^y K©(MK3e**«t««**£jau 

[0 0 0 4] bfc#^T, IgA^h'tDffiSftfeia^ 
[0 0 0 5 ] bfrU feg&i»}g©r &9-zlx. — 9 g 

*cttsa*©H#««ft«##a£"j-«»-&*«ft!). eg 

*K>liJS*li5«>Sfc«)fflSPMIiSJS*iai< tSh, ^©H 
J: !)ffiBft«>»J»^A«^ffi^t:3a;oT b* 

i#©B*««#jgicj: ft, 0Jfll)qa!ft©fil««0J 
PM^ti^fc^s ffigft»©J»S©9J»MliStt*iS5«)Sc: 
5^? i:t«RB#3?)S$>ofco 



3 

[0 0 0 6 ] flSfn/^ F©ffiB&8>»S*SG» 

[0 0 0 7 ] ifi^CDh^y^SfiOiBlBKftkT^^a. 
X-^CD/J^gSfbtCcfctK 7^aX-*l:ff«t5 

JB/v* K©S5«JBffi«ft«)©B*tt«cl/< 

[0 0 0 8 ] Igf^f x^fcERSfifc*— # 

W9 - 2 3 1 7 0 1 -§-&«#BfO o 
[0 0 0 9 ] 

ifswaMsabj:? ^*r^n^] b*>bfc#£>. ±i2© 

»B©***tf-#©tf>:/y >^/ai6S©^9*g 

*»«tS7i/*S/7;i/7'J > MelB (FPC) ©#tt 
s £ h ic j; & , «^h7y^t:u/^t??B«$tLfcs«h 

[0011] 

*£fc«fcStta*fTt>i»-r;fctf>K:* *©^a©*§££' 
§*fflo5o kol~?iZ, 7tr7*=- — 9¥&(DRn¥ 
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4 

fc«i{ftBffl»«^fc*A;*7i: bT, 

fc 5 ftSL #^a«^{H-*f h £ • 
[0012] tM±©ct^^btiEfie^J(|^bfe^SLJi^ 

■j-«fcdfc:* *©^aJt««**fflBfflW*«*«Ul*"J-* 
fflB«»«*fc:d«bT«»«-»*Sj«1-S. ^©IE» 

7^^a.ji-^^sic:f¥fli-rs^a©«»^*s < t 

*k K©@« h =y ^ ^^©ffiB*««>SJJBl*SSK:fT 

30 \Z S h^y ^Jg©ft±£Wft&h&U *!gS©7^;* 
[0013] 

mm<D9M(Dmm silt* **w©nj«®»«t«g 

[0 0 14] #IBSg 1©^©^;*^®^ 

^t^it^7 KcDifiBfttoSfTa^^^ioi-^^ie 

40 EE«*fre>i9ia^v Htspt>a^a©*s**jt*u^ 
a**«*tai*-r*^a«s*«i:, smb?****: 

&AMB^y K©3BffiteBk:»|iBLfc»SI«^**jBaEbffi 

w«9**diba*-r*ffiB»j»*«i:*jn»i/, stjga 

Bttfl«ttniBffiBffiflifl9^ffitfB^affi£fi4««dc 
50 fr£tB;£ir£&©T-&oT&cJ;<, Cl©^ttWTt?*RI 



5 

[0 0 15] Z<Dmi<DftmiZ&2>ttmi*Vi<D£&*)X- 

fc » © ffiiJjf^ tc # x. £ BttA ^ k r * ^ a. x- # ^® 

fro C ^^T*^l)©t\ B1S h ^ y*£|q)j&»5 7 *D — 
-f >^iWRS£^a©^t&#;*t <T*k ^yF©S«S 

[0017] 2 (DmwcDrj * *se«, ±se© 

SHIKBffi ^(c^ 1 ©^f££fll? <T£^ 1 ©*JMM»k* 

k, Huffi*l©*»^a©lB*^t«l«BSB2<D*»^® 
©a^kfusBi! 1 ©«^a©ffl*i:(Z)fllJMi*«»L 

U> *CD«iR*«iaiB'2©3liJI¥«i:B9IBiBl©«d¥ 

[0 0 18] ^©»2©IBWfc:«J:S^ffl(4«©i:i3!)7? 
B»i?*X*t5S 1 ©*»¥S0tfi*lt r 

h;i/*Jf£5g«^kfcSo 12©tMS©tBM, H£ 

fBJKkft*. «E«^i:*2©«^S^e>©7>f- 

^f)7^f^x-^ *aos» £ «tt* £ k'© 
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6 

icjtf UTffiia©*»^WS©«R*3R»b&J|!2©j|iJ( 

^is©tB^^SD^^^o fit, mummhiizmfem 

[0019] fii±©iS*k LTn g 1 ©«^«#tB* 
70 a«3E«fl-**oT7*^a3:-^¥«K:llPtoS^a* 

natw-rawtWiff^ck^TS, :7*n-^>^ftj 

[0 0 2 0 ] *Bi3M©r^^ltt, 7*4* 
k. iiufBr^^x~*^f£©iit^f£k, ffifffiT^ 

«-^*tb*-r^mfftfem^mk> mm?** xtiz^m^ 

^«UtHijtSWlffit fusSmfffH^kBulB 

«b^ajs^«^*ta*"rs^a*6«^sk*^«f 
Ha83te»e^(±«rsa(ft«ej««^ktasa^a«is«-9* 

[0021] c©»3©fswfc:ctsftffltt»:©k*5t>-e 
fcfflSfflWfg^kT^^ix-^^g^^tftttibfemiE 

M-tktca^r. r^^^-x-^^PS©ifi§»}s^r 

^fax-^^hI»SSh^t?)FPC0 

^ffiWMip^fi^iiia^^^ax-^^ 

40 k«BEfi^k^tr^^iJi-*^St:iiPtoSttSj»» 
*»tt***tt*«ciT©^a©*:S**jE*fc:Jf^-eS 

[ 0 0 2 2 ] ^©cfcdJCbTiEflBfclfllSbfc^aaiffi 

«^**oT7*^*^-^*«t:jmtoa^a*fr%jH 
-r^a^, *©^ajt^fi-9*(ft«»j»¥a* s tB*'rs 
. fcmfflmm^iz^f&isTmmm^zzimTZo *©se» 

tt^r^k*©^a^m^i-fT*>vS^^k^T-^^>o -Tfcfc) 

50 7?faX-^fgtfffflt«l8ii*»ttA* 



7 

[0 0 2 3 ] $Ii40^i©r^ XtmmiZ, ±13© 

iBffiiisjw«^c* i sai i 

fP^, hubB^ I©l£ll^a©ffi;£;^l!uf3!ii2©itll 

*a©fcH;*ji:£lt«U ^©*£J££iiya3lg2©J£J^a 

[0 0 2 4 ] i(Da4©«Wfc:«taff«tt*©i:*5Dt? 
ffi«ffl»*a*6©(fi[«M»«**X*r-J-S* 1 

»h;i/^^*fjSUfcffii&h;i/^«^e^i:3&So IS 2 © 

^£»-rs:7*-hvty*KXkfcs. mEE{§^£!?§2 

mJ!BigS& Wl/^«£fH^fr^fua3©^tC/^© 
«»*3RJ(Lfc«2©*l|[^a©tB*i:©Sg^*i:o-c 

[0 0 2 5 ] ^±©*SHIk UTs *1 CD*^S«stli* 
£o fit, ^®Jtdt:iE*tKeu&^a**«9* 

2 (DftWT->&mt intern i 2 <omn^m 

[0026] 5<Df&w<Dr<< xprnmiz. ±83© 
jBi-*4<D»wfc:*^T, aaia^a*s*a<o«i»» 
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8 

ttW. t9IBia«9J»^a©9J»»f«J:e)*^:&<«S$ 
[ 0 0 2 7 ] C©»5<Z>*Wfc &2>ftmi*}k<D£& 0 *?? 

^if-*01f>7V >^««R*r*^i:t--*^a# 
feoH***«fiJB«»fc:«toT±IH##«E-*-SCi:C 

[0 0 2 8 ] *BB^6©«W©^>f ^^^Sttx ±13© 
*l-~*5©$8W£#lvt, 85I3T^^i3i-^^a 

;i/k^Jt3>^>*fcttlft*iBW»«l5b"rftsisiBS* s 

[ 0 0 2 9 ] Z&m 6 <D9&WtZ&&{$mit&<D 

$)5o -«t:r^^i3i-*^a*««-rsBi6r3>r;i/ 
-^ajf€*a©ffl»«**»<-rsi:, c©y 

>^^*>x©»»t:cfc»}»J»*36 s ^S*fc:«j:5. ^a 
«**a<0«!»»J«*3lS<rsCkfctt»llL#ft*. ^ 

[0 0 3 0 ] ISr^f 7^81tlffl 

[0031] (mfotiott$zM<Dj&m) wt, 

[ 0 0 3 2 ] (*JS©J&JB 1) 01 tt#«W©*J66DJB 

[0 0 3 3 ] IIC^T, ff^CD 1 (ilgrV X & 

MF\ 3i4^-AT. -S«^»«$tlfc»ft-xy h* 2 
50 ^Kf^ X^ l tijtf SS« h 5 ^^ft^fSo 
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6J4s SRS*^LT^[qI-rs-»©3-^^?>^ ^ 
©£Rll*lT-<£©'J>fc < i:*— *©3 — ^flltarffi 

[0 0 3 4 ] 10(*B»8* 1 lttBftSl Oic^-Stl 

t% tE»fflsi i (D&jj-tznfcm^vztmm^ i 

[0 0 3 5 ] Igr^^ 1 (D&m7 $ \Z\±^tbV-K 
*«k IT b 7 * ®ttIi*#B»S lit* 5 , ^© 
ffiBfg-^tta^^ b* 2 £ J; DfS<fr&£ti£o teHtfttti 
S813{ix Kfi^y Y2\Z£ tltz&mm^lZ 

a«ffi«ri:©il*^-rffi«KSI«-9e**fi8-rs. ffi 

fi^e #A±/£tiT, iiiBiSctVffitBffifi^fTtonx (ft 

g^jwi^c^^-r^o 1 5«MiESTf, amwrnsi 

1 4 ©teBMSPfi^ c fc^SLJf 1 2 ©fl-SLUt SfB^ 

»x B»fi-^u*B»Sl O^t^o BMS8 1 0 
14. X***LfcB»«*ufc:j6UTB»3-f ;i/5fc:Btt 
S8Ia*iSU 7— A3*«g4**i&fc:|plft$ 
7— A 3©ft«fc»Dtttt6ftfc»fil^y H 2 SB 

t» ^»*T(ft«*»* J: o lzMf&$ 

[0 0 3 6 ] :ct\ KtfM$©fEH©gB«h©#Jffi& 
frSfc* i»S10#I»f9l:fflSU «EEtfefcH»l 

fBtllSU ffiBtfttUSl 3#ffl«*ffi^«fc:ffla 

[0037] mm<DWtMi<Dmn l y £ '< x?mm<D 
&sm^mmm(Dmmz^uxm 2 ^m^rmm-r ^> o 

»J»«©^fls:«fi8*^-r^D ^SBT-SSc 
[0 0 3 8] H*©-j£««-CH^8S#3 0 #*M5L« 

#4 7#|fiIEgS 1 5 C7)-7*D y *T*3. fcfc, HI 2 £*5 
^Ts stt^r^^aM*^**^* *©"?»&• ££x H 
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[0 0 3 9 ] D2 fcfcl^T* BSSl^y K 2©tfeHJb&Si 

-r&ffiHSt^fi-tett, (»i)T?a^n. crisis 

ISfi^efcJ:Jttt»2 0T*f#£>*l£ o 
[0 0 4 0] 

e = r — x 

B 2 O y ^ 2 1 "CS? nattMMBS 1 4 II, it* 

(z) v# )iy -( )\s#mm$:Mi>, fcmmmm^ 

ft, ffiBfflflSl 4©£&HfttiU («2) T*3tS!T*£ 
-5) o 

[0 0 4 1 ] 

Gx (z) = Kx (1+ad (l-z 1 ) + a i — — } 

1 — z 

20 

»»t?»5o fc®flM{l^cte*Pl^4 6 £*2£]bT|g 

»fs*t ufcfcSo Bftfa^utes 7d^22 (gain 

Rligm) ©B»S 1 0(C*5OT> iEif^^gm^© 
;i/5tM$n5Iii»Iali, ^ft*W£^hitu 

fiaBllfcKt-eB»b;i/*rt*»*ii*. e 

£H»Ktli7*^iX-* 7© b;i/*j£»T»3 0 ^ 
o^2 4©e3SH» (Lb/ J • s ) 7-A3I: 
ftffltSI»b;i/^r*«)B^7 b* 2 v-x 

©e&£M4*3it>-ro Jiir-A3 0IK- 

pOb*3^U LbttT— A3©«g4**fe«a^y K 
2St?©Ei**UTl^« 7D7^2 5tti»^gT x 

£&hsc(± i/stg^n> «a^yK2©»»a«v 

40 [ 0 0 4 2 ] 7D7^26i:7D7^27T*S^nSl 
EEtftfflSl HC*l^T, 7*D7^2 6li7^fax-^ 
7*sHtt-rscfct«t &Bft:3>Ol/5©i^i!Bfc:|g£-r3 
fiigSJEEa*fcB7jU 7ny^2 7liffii3^;i/5l: 
BtftSat I a#il«*nsci i:t:J: 5 #g£iT &m£E|S$T 
7> (Ra+La - s) • Ia^tB^U fiPJ¥*2 8T-^ti 

[ 0 0 4 3 ] 
[tt3 ] 

5^ Va=Ea+(Ra+La * s) la 
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©H&tffe&o d Rates ig|ftn>f ;i/5CD3>f ;u 
[0 0 4 4] r^fax-^ 7(3Di§iS^7^^ax 

M^Lrdte, ADffS2 9T*7d^2 4 

[0 0 4 5 ] H2©— /Sa«T?H^ffl^©^niy^3 

£>:7p 7^3 Ote, IKSj2§ 1 0T*fe57D 7^2 2©G 
*HRfcHfce*HR**^7nyi>3 2 4:. T^o. 

7t»S7ny^2 3 0£&HR2:lRli;e&HR 
^o7D7^33t 7D7^ 2 4(£>fc?i[lR£:^D 
fil«S*t)^7ny^3 4 k N «EMS1 

35^ 7d^2 7<DfcmMmtmtfcmmm*t>^> 

7ny^3 9ttA>W5o 7P7^32h7o^3 

3 £i§rt>ii-fe&tf)#if! 1 ©JHH^. 7o^44^|2 

7D^4 3^10SM, 70^34 
h7D>^35 *l^fcH*fc*©#S!2©«#S£*ft-e 

4 "n M li&»ffi*jSU "e st" *WUfc« 
»8#*lo«»fai:ffiSU !S2©ig#gg#3§2(Z> 

5 o 

.[oo46] 7P7^22 izxtj^ti^mmm^uu, 

ftSLJf^S 1 2 ^It^-r^^D ^32 £*>A*S*U 
2k.7uy&3 3 h~C ( grmn - Ktn) fSfS 
d fc £ i *) T — A 3 tcf^ffl-r^ffi» h r iilel— ©ffi 

tt h ; i/ * ^ m * r e s t # » £ n s □ 

[0 0 4 7 ] i2 lC*5t^T, 7D7>3 4^£>te3MJgfi 

^fg-^Eaest^s T*5^:t-* 7£ff£^S«tIa es t# 
iI«£ftS£fc£ck &«£-r§«EEI$T# (Ran+Lan 

•s) ■ ia eB ti:#fln»S3 e-eapusn, jipj»»3 e 

^£>te, mJE?i^fl^Va est ^ttliJ$n^o HfiEft/Efi 
^Va est te, M^37l:A^^ns IIISJCt&tB^nfc 
»E(l-^VahJ:b«$n, "tOlffimommm^a ( = Va 
-Va est ) #7D^4 3t*$^WI KDfcft&t? 
ay? 4 4 7?**n*»2©«»Sfct:AA$*xSo ft 

©^ait^«^rdeat*tU*"J"*o y 4> 4 4T«3 
ti5»2 03R»St:«±RSI«-9a* $ A**tLx glfSS 

*i-tanSE»3 8 tin* e>nso fin*»3 8©tB*i*«** 

S3 1fcA*3*U 7D-^33©ttlAt5B»b^^ 
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[0 0 4 8]^ 7Dy*4 4©«»glJ:7D7* 
4 3®Mg2tt, Mt^^l 2©»fp*5K*fl3'r* 

[0 0 4 9] H2^*5l>Ts -^tS«TH^^Ufer 
Dy^4 7tt, *IIE*1 5 07Dy^»Ht»S. 
«IE»1 5JC^£ftS:/ny*4 SHU ^m^m^r 
dest* 1/ (gmn • Ktn) fitSCktJ; 3 

$*S©£ifcB&Kl&81 0 IE ft -^/?^^^cf 

[0 0 5 0]*t, 7D^30 GWSia£SS 1 2 ©ifr 

[0 0 5 1 ] 03 ( a) te, B2©7Dy^30$SI 

«*rd e 8t©a**T?oeai*3%-J-. B3 (b) HU 0 
3 (a) (S3) 
20 E«*Va©A*ffi« (tb«»3 7) **ffltt£gj&» 
itSCkCJ;!). 03 (a) 07Dy^»H**r?l 

[0 0 5 2 ] 
[R4] 

gm— gain 

£{K5£U ffil&SSKIa (=gm- u) £Jf ^«Slt I a es t 

30 [0053] (^3 ) ©si i mtm2mizms ut> sg 

li©Ea(t ( Jn • s) / (Lbn ■ Kvn) fg 

-TftfcJU H3 (a) ©Jt«»3 7©A*ffi«4H3 
(b) tS^«|IS4 8©A*ffi«^»ffifl5fc:St»"rs 
:^T'^o (R2) (Dm2m<D (Ra+La- 

s) • late. 13 (a)07D^3 9 £^#>T, HI 
3 (b) <D7uy>7l 9<D&olzmmTZ>Z£&T*g 

[o o 5 4] m3 (b) (Dmw^4 8izms-rz>t, m 

KS4 8©UJ*T*»S<ytt (R5) ©J;5iCl^ni)o 
40 [0 0 5 5 ] 
[R5 ] 

Jn* s 

8 =Ktn- I a Ea 

Lbn* Kvn 

mz s I2©J:bte2 5, 7o^ 2 4, 2 6i:fBt 
Si:, (R6) ©|»«#fcSo 
[0 0 5 6 ] 

me] 
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Lb • Kv 

Ea= (Kt • I a— r d) 

J • s 



[0 0 5 7] 
[IS 7] 

Kt=Ktn 

[0 0 5 8] 
[ft8] 



Lb* Kv 



Lbn • Kvn 
Jn 



(8) 



12002-251850 



h{R^U (jR6) * (15) tftXtSk^ (ft 5) 

Lbn 



rdest = 



Lbn 
Jn 
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\ts (»9) (DXoizmzzti&o 

[0 0 5 9 ] 
[K9] 

5 = rd 

toS^SLrdM^bOo 
[0 0 6 0 ] Ifc^oT, U3 (b) ©^Dy^«BI<fc 

T-A3fcJntoS^aTd*»6j^a«l*ffl-9rdest 
^T*©e^S8S(4*^^^s (ftlO) £^£5 

[0 0 6 1 ] 
[ft 1 0] 



Kvn ■ g2 



- * Kvn • g I • s +- 



Lbn 
Jn 



td 



Kvn - « 2 



(ft 10) fr<bs »a«*812(4, H2CD-ja«U»T 

BffifS^Vafcfr£^IS(Z)^SLrd* 2 «i!tl3R^}t*T 

[0 0 6 2] IIT\ 2&«*i*<Dg«£MI8£ft (»« 
^jj^ft) Zojo, try\f>?7 7>7*?*. totirti^ 

^n^tiymcD (ft i i ) tjitF (ft 1 2 ) -casn 

So 

[0 0 6 3 ] 
[ft 1 1 ] 



Jn 



[0 0 6 4] 
[ft 1 2] 



g2=6>0 



Lbn* Kvn 



Jn 



Lbn • Kvn 

ZZX\ «^^ift»a>o4ffiMSJ»*Slf cit)+dS5 

[ 0 0 6 5 ] (ftl 0) * (ft 1 1) , (R12) 

[0 0 6 6 ] 
[ft 1 3] 



r dest = 



s +2 S o • coo • s +COO 



rd 



fcfcSo 1-&to%, H3 (a) CD^SUf5£fS 1 2©7d 
>^*Htt, B3 (c) <D7Uy& 5 2 £ 5* ?* cfc 3 £ IB 

[0 0 6 7 ] W:, 7d^47 "eSfMIES 1 5 CD®; 



f¥toOTia4 t#»LTfMll:KWt5o 
20 [ 0 0 6 8 ] E2©-^ia«T-HA,^gB^©^Du;^4 
7te s *§jE»l 5©7n^^»04fNto 7d^45 
{is ^SLJi^fH-^rdest^ 1/ (gmn-Ktn) fSLfcffl 
IEf§-f§/S£finll^4 6^t§ 0 -r^to-fe, ^SLJi^ 
fH^-rdest^ 1/ (gnn • Ktn) fS"T £ d fc t) , 7 

©K»A*«***5lc^B&*liE«^/?*jSPJ|£*4 6 
-xtB±f^^So £ &fc:«iE«-9^tts 7d^22^7 
uvtr 2 3 0 gmn • Ktnfg^ftSd h£>*>. r*:^ 

jf*6b*5fciftl:«I^T, ^fSLJt^fi^ rdest * 1 
30 / (gmn • Ktn) fgLTl^o 

[0 0 6 9 ] J^±££h#)S^ *JB<DJBJB 1 

fc±*^ard*fT%}B'rJ:5fc, ^a«^(l^rd est 

hod :^^T'lSc 

[0 0 7 0 )14 (a) fcj\ |2 07D^ii(:^ 

2 5, y 2 4 iT0»»«ftSa Lfc y *i 
0T»5o 04 (b) tt x it«t»2 5 ^JOtoS^ftrd 
h^D vt? 5 2 fcSntoS^&rdi:*, l^CDrd^Si: 

[ 0 0 7 1 ] (14 (a) CD^"D y t?Um\Z&\,\T, 7u 
y^5 2liB3 (c) ©7D^52i:f@SU (ftl 

o) -r-ato$tise»H»**-rs. 

ft? [ 0 0 7 2 ] Ufe^oT, (14 (b) £ *) ~7 — l\ 3 ^ 



( 9 ) &m2 002-251850 

15 16 

[ 0 0 7 3 ] -TtL«, ^£Lrd©g*filte. 

[»1 4] [0 0 7 9 ] 



Gd (s) =1- 



o>o 2 [Wi 15] 



2 4- o r ~ . . e> -i 2 . _ d too 



s 4- 2 Co • coo • s +a>o 



r dmax= J 



d t 



s 2 +2Co- too - s+o,o z 10 =1 OOOdyn-cm 



I5(i, (^1 4) Ta^nse^HISGd(s)©«iK!S 

w>ttodBKTtf»^ ftmmkucoy 

ffi:(*ots - 2 0dB/dec (t^'t-F) CO^S 
£bT?«SUT^£o d e c 14 1 0 fg&«tttfet- &o 

[0074] i©**^ 

£ic££^ftrd#fFJBUTfcs £©^ard*i*SUf5E 
^12Cct«^U ^Jt^fH^rdestT^oT^gP 

lS^tltV^Sc Lfc^t, 3*»;fr£SPtoofc^SLr 
d#. fcfcfrfc (814) *$<tTfBI5(Djt«fffliSI[»«ptt 

[0 0 7 5 ] bfe'^ot, *«W©*Jfi©»«l©»« 
I*. l»©fiaai(f«ftt7?7^fax-^7©iS#» 

^z^^-* 7 t«*iiiKSi6fc4gM«-raFPc 

ISfcrj; ^r^f ax-^ 7 ©Stt*1fif4*fc 

[0 0 7 6 ] 1-^*5%, *SSW©*M©JB« 1 ©I^r 

-9 7 tJ^ard#fPfflbT*s £©^ftrd*^SLflt^ 
SI 2 *8P#£j!JPtoofc^ftrd*fT*> 

[0 0 7 7 ] H 6 ii. *«BH©^JIi©JBJi 1 ©IMt^ 

6^Bb<»Wt"Sfc»©l*IBl6*«JKH"Cfta- 
[ 0 0 7 8 ] 116 (a) (is ^8Brt>6B*fcSniaK (d 
wo/d t) ^100'0rad/s 2 (?y7>/# 2 ) 



[0 0 8 0]::t\ (Rll) *5cfcV (»1 2) <£ftj 

o) h^>^>>/7 £o©{j££^n^n> 3kHz 

^J;t>-1 titf, fiIW^©Miift|^ 4 0 OHzi: 

[0 0 8 1 ] 1 2 HU 1 0 ©A^T"^ 

siEttM^ufcajBEtfetusi i ©a^-rsitffff-^va 
[0082] 16 (b) b\ Mi^si 2©m^-r^> 

*a«5£{8^rde 8 t*tijE»l 5CX*LTMrdt 

^ ^ftJ£j£{g^rd es t£*iIE8&l 5l:A*l^t^ 

-To &*5s + — 9 7© h;i/*j£RKtfcfc, 2 3d 
30 yn-CBi/mATfcSo 

[0 0 8 3 ] Bft^-f ^*tia»**lfc*-**«tt. 

^i 4 ©frantic**. Bsatttcasfh-ra. 

^SL«j£«^Td e st**iIE»l 5^*1^1^0)7 

»JBkRIUta:e). H6 (b) ®ttfl£6 3 fcSVTJtSfc 
»«ttlC*ft-r« (Ia=gm- c = gm- u) . ^SLffi 

-9 7 (omwjmm i a©«jK 6 4 ffisnsis 1 4 © 

i»Btcl:M«fiSl 2CD^5LJi^f8^rd es t*ffi 
iESl 5 t)iPll£ftT£j#£ft£/3#>, K^r-^^ 
^««tlllte«*sttIt>ofcKF^ (t = 0) £>£>(£>B#P^ 
5in^s d6 (b) <£>?M2 6 3 krit^T'J>&^o 

[ 0 0 8 4 ] me (c) 14, ^SUfJESl 2©tB;b-r3 
^a«3e«^rd ea t**iES 1 5 JcA* ltM©*» 
**I%iH-r«k5 t^ajf*«^rdeat*r*^i3i— ^ 

7fc:^ffl$-&fc»^©(4«R^«-^e©«Jg6 6hs ^ 

5(7 aai^si 2*mm^te^m&<Dfcsmmn^e<Dmz 
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6 5 (Di/ * a U— > 3 >Ug**3^-r« ^g|5fr*>*IE3£}£ 
tt©@te«»#88Sl7^ to oT«k ^SLJf 

ett*ft JHJtSS12tafflua^i* 

[0 0 8 5 ] *«lfl©*JIS©JgJ» 1 (DM%7 

[0086] i7(t 12 <D$ZM<DM1& 1 ©i&fi^-f * 

«y>f >SSjft««»f cli4 0 OHzffeSc 0 
7©ffifflWttH<t Oy>f >*^««Rf cfc*5UT, ? 

ftftffl»*#«fiESftTV>3. ClftHU H2CO— 

i a e s t &m m u << >v \z mti z> z. t iz «t & -r s =» 

^;i/ffiKRanh^-f ;i/>f >X Lan©mffl^T# 

£3<#)&fc#>£ (Ran+Lan- s) ©:7ny*3 9 

>^Lanii, 3>r;i/ffiiJARantcJ±^T/J^VNfc«)x *tJg 

SIR T* 1#lcy«YX©Ka*S(t^>-r<. 

[0 0 8 7] 18lt 0 2©ffig?*tf)Mfflim©> r n^^ 
iBBUciS^T, ^aSt^Sl 2 C$Sn57Dy*3 0 
T\ ■■ft«*Ia eB t* s Ki6= I -<^t«Ensc:4:t:J:!)* 
4tl)tE^©at>> 3>f;b»Jn;Ran©*EBT^ 
^ItSffllU^^M >^** >*Lan©«EEBT#S: 
«Mftb&i:ft© h7^Ii (ffi«S3g«-5) efr*>^ 

MltSSl 2£$*ti3 7ny* 3 0 
>x Lan*t8i#-fbCDfc 
»f5L««Sl 2**»&^y 

$tfc(i2 0 0 Hzt\ f0h ftGDffifflli- 1 8 Og 

ffi»jn-r ;i/ testis ^ >r;i/-f >#*^>^Lan 
A * IE BT dfcfc , 3 -f ;i/ ffiK R an k: J: S «EE BT^ 
fcit^Sfc/hS-Otf, 7 D y $ 3 0 $ (Lan- 



(10) mi2 002-251850 
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s) ©iHfcJ^ 12 t*-rffi«ft»»j»*©gs?^b©fc«> 

[0 0 8 8] 7d-^3 OlZ^£ti& (Lan ■ s) ©JM 
£«B&-r£h, 0 2tc^rffiBft«)»J»S* s ^S^^^ 
^^©|&i!jz/^;i/5^3^;i/ffitT;Ra^zi^;i/ 

[ 0 0 8 9 ] H9li, ffi«»K)M»«*SScffift-ra3t«& 
©©SSffi^HT^ 3>7*>*Ci:ffiJjtr*ilWSKb3fe 

Zate, (816) TS^JiSo 
[0 0 9 0 ] 
[816] 

(Ra+La • s) • (r + 1/C • s) 

Za~ — 

20 Ra+ r + La ■ s + 1 /C • s 

(81 6) lZ#^X, >T>V-C(Dm&*tL 

[0 0 9 1 ] 
[817] 

r =Ra 

[ 0 0 9 2 ] 
[818] 

La 



izm&t. (81 6) CDZali. (S19) ©J:^:S 

[ 0 0 9 3 ] 
[819] 

Za=Ra 

rfctofc* H9^7fs^lH]S&^^^-r^ffi$i;rh^>7 :r > 

^ccDfa^^n-^n (8i 7) , (ii 8) o^oizm 

ate, (819) cfc!)ffi*tRah«b<fc»K ffi»n-f;u 
So bfc^ot, ID 9 iC^-Tct a lZ s iSri:3>r> 

^- c * m?mm ut & s ®g§^igK;3 ;u 5 taewsas 

t"tite\ H2©{ft«i*»ffl»»©^Dy^jBiB|t:*5i^ 

;i/ttln;Ran©«£EBT^««t*#*-r*xtt<t<x 1212© 
MMS1 2^Sti57D-^3 9©rt;to*)lcHl 
O07D.^4 9*fi6ftWi«J;^o €<D^^, ^aJS 

50 [0 0 9 4 ] B8©ja»-C5j*bfc«WB«d\ EI2 0^Jte(D 
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nm i <om%T<< * ^js«t*»s(a«*«>M»ai©^ 

D y ^JBBfcft^T* 7d>^39*110©7D'^ 
4 9 t^S^jUx. 7^5^:11 — * 7©ffi»3>f ;i/5<5DWiffi 
(»1 7) k (SI 8) Tl^ni)fiKrh3>f> 
*C*«W8«UTftSlllKt*9USttUfci:*© h ^ 

[ 0 0 9 5 ]- ft*, ±j«Lfc*»W©*Jt©JB»lCD« 
gf^^gim M*SS1 2lZttTZ>-?5<D\ 

[ 0 0 9 6 ] (^JSOJBtt 2 ) HI 1 1 fi**Wa>»!B© 
^HT?*S. Ml 2(4, HJB(DJBJB2CD«EaT J >f 

[0 0 9 7 ] HI 1 ^^-T^C7)^2cZ)^^T r ^ 

T-$>-?fz&, Ml l©JOS©flg»2T?tt, MBEtttBSl 
KD*jBS-rs«ffi«-^Vai:ffiBSJflBlSl 4cD£tfc-<r& 

[0 0 9 8 ] HI 1 O^aJt^S 1 6 t?*J***lfc*» 
S15lt ffiBfflffS 1 4 0ffl*tSffiM]»i§ c k 

[ 0 0 9 9 ] 112 ©-AII«fHA/C9»©rP y * 
6 Oj^SUf^Sl 6©7d^8IT^^ 045Lit56 

Mtl>iEi^Va^7*D^2 lT-a^ftSteSftJ 

[0100] mmommmm 1 «s 1 2 t 

tix -5 t LT^fco SB 1 ©t^©7D ^43 

»©7d^4 4©h (g-i) 4iggL-n#e>ftfc 

fcftils mi(0§k»^(D^Uy^ A 1©M (gmn- 
Ktn) *SilH>T»6tifcK» h;i/^S££f§^r es t^ 



(11) ^^2 002-251850 

20 

ti&ffr** 2 cD*i#8£>:/n ^42 tA* UTi^ 

iSL«^Sl 2tX*UT^Sfc»fc, II 2 c7)£p|?S3 8 

[0101] b^U 9GK(D^lB2CD^3Ltt«S 1 6 T 

■TSfilfiSTfeSfctos BI2 £g*T«fc5fcfln*S3 8(4^ 

70 [0102] fc:fc\ H 1 2 tC&VAT, 7D^32h7 
D y ^ 3 3 S^bt fc y ^ 4 1 1 ©iS», ^ 
Dy*4 4#S5 2©ig|l8£«j£U 7d^43^I 
l©*t#8s 7Dy^34!:7D^35S§t)tfe7 
D^4 2#*2©«#84«JSUT^S. 
[0 10 3] ^CD<k5tC«ti6$ttfc*llfiCDJ&JB2©«ft 

tt%0%tt<z>fl£tt 1 ©*SLtfi5£8 1 2 ottft kJtge It 

[0104] s-r, H2tft^T, mmomm lco^a 

£0 KMl 2 2 ©St#S4 2(£>A^£r kT 

[0105] 

[R2 0] 

y = t ©st— ( r dest+ g 1 • a) 

= gmn • Ktn • u— ( rdest+ g 1 • a) 

(S2i) -caitosnso 

30 [0106] 
[ft 2 1 ] 

u = c + 0 

*• 

1 

= c H • t dest 

gran • Ktn 

b^ot, (»2 0) SctV (»2 1) <tD, fflfr 

«u (»22) Titont^ss, 

[0107] 
40 [122] 

V = gnm * Ktn ■ c — g 1 • a 

(82 2) £££:tcLT, H2«C3%-rJWB©JB«ll©^ 
a«S»12©7Dy^8H3 0St*»i5fc, 01 
2fcStM»S81 6©^a ^180 6 OCDcfc-Sfcft 
5o |12t^t«fco^ fiiffl»gl4 (7*0 2 
1) ©tat5ffilffl»if c *S7D 7 ^ 3 2 ©f»g 
iCA^^tU y ^ 3 2 ©dlili^D y ^ 3 3 ©H» 

(gmn • Ktn) %MWirZ>Z. tlzX DlgiS 
5/? ^T est ^W5^J:«§l,o 



21 

[0 10 8] -2k ^aL«««^rd es t«N 
7TaSns*tIESl 5iCA**tlSo l^oTs hu 

SBtt. ^SUf^gl 6©«fS«C«t5, 1t£E*feffi£§l 1 
OiJffi-rs«£Efi^Vai:tt«»JfB»l 4®4«t5ffi 

So 

w»^fi»£«k or^^-* 7©g«t*«tt*ft t: 

7 tftJtoS«|gJ»*^>F P C©5*tt*^^gB^^SP 

^^a^Mrd^LT*^ £-©*SLrd**&lf " 
SSI 6£cfc!)Jffc5£U «5££ftfcfl^Jf5£«^rd e8 t 
**oT^a*6iDtoofc^fSLTd*lT'feiBrcfc5 tffll 

lkHflU ^SB^?>Snt)ofe^5Lrd*s. fc&frfc (IS 
14) ««trfH5(Z)ai»f»»»«ftt**rs7>f 

[Olio] c®^^:, ^io§12©lgf^^ 
Cft2flff8®ft*ftK®?BJR 1 ©IgfV * *S«fcIt 

ttgjp»*»tt**«tt*ft a 3 cfffflts* 

&rdk*ffi«t-£Ck#prfEi:ft?K -^y KCDffiBft 
^ * * tf * ^jfcjjlSiifciS h ^ * * fcSSWRJftTffi 

[oiii]^^:, 9m<ow*m2<Dm%L z r4 Tstmu 

tfcfc. IUK©IBIfi4:lg#-fbT-*So ffigSJiBJ^* 

[0112] 12©7*D^3 0 
1t-^©1t>7V >^ja«R©«»*gl*ft^o 



(12) ^^2 002-251850 
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fPJ® SrSU 5 « A < KJE-T S d k #T g -5 o 
[0113] Stt, S«©iS2©Igr^^Si 
^£Lfg/£8 1 6 k«IE^ 1 5 ££0 

KS©tt*ffl«rc8*<zrc. BWStr^n^igiBfcir 

J0 [0 114] ft*. ±ait^feS^l©§lT(t at 

[0 115] ft*, J!U±KWU&«*JIS©JBJRt?»4«ft 
[0116] 

»-^T^^iJi"-*^ai:lH]B*«k*««t-5 f p c 
[0 117] Lfc#^T, 7^fix-^fg0/M6 

»»J»«^#*S*»* s *:S<ftofcfcSfc, *^0^© 
[H®©^#ft^0^] 

im 1 ] *«W©*Jfi©J^« 1 C^^^SlSr>f * 
[H 2 ] *«W©^JE©^JB 1 ©flmfcfcfMfflS©* 

[03] *«w 1 ©^ajtsso^aiti 

S»ff*RSBt5«:»07Dyi7j|BI (a) k, (a) 
©^D!y^*RH*«fflB«»Lfc^oy^«ia (b) k. 
(a) 0 7 D ig ^ ^ h 7*0 ^ ii 
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0 (a) t. (a) ©7D a> ^10*¥«ftlfc7D 
SPIKES (b) 

[@5] immommow^mi om^^ x-pmsiz 
m t> s ^sl t «• -r s jffisf m «*«rtt ea 

[0 6] *mw<D^m<Dmm 1 om.m.'r 4 ^^sit 
m t. s * a © % a t * sl » s # uj * -r % * sl « je a 
©fifH^n (a) n&M^sotB^-r •s^sutje 

(b) *ft«J£»©W;&*-S*&ati£«^*»lE» 

(Dmmr&mm (c) 

[H 7 ] *««!©&!6©J&» 1 ffl^ftjf ^glT-Hiba 
-ifrOJ > ¥ Z $ > X4#HUfc i: t fflffig*fe»fflflip& 

[0 8] *«w©^ib©jk» i ©^a«i«»-PB«i3 

-?;kd-T >y^*>*£^(SUftfrofeh#©teg&,» 

[0 9] *%wcomM(DBm i ©iE»=n , ;K3ae?ijjg 
^ -r s n > 7 s > -y- i: ffiis© ii mm ss, 0 
[010] *mw<Dmme>BM i ©^ajs^^©^M 

© 7d vtmm 
[0in xftm(DmM<DBm2izfrti>t>z>w.m.7*j 

^^^g©«jES*^-r^n y ^0 
[012] *%BJ§fflHS6©ff^ 2 ©ligftMUBS© 

[ft^ffli&IS] 

1 mm,?***? 

2 H 

3 ~F— h 
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4 fSg 

5 mm^jju 

6 Hj£^ (3-^7) 

1 0 (Btt^ffft) 

1 1 SEEIfcmgt («EtfttB¥S) 

12,16 ^SLft^gg 

i 3 ffigtfetBis mvumm^m 

1 4 {fig0JPfi (ffi«»P^fS) 
10 1 5 ffllES (MIE^S) 

3 2 , 3 3 m i ©Jit*f& (m i (omn^WL) 

4 3 g 1 ffl*t#g| (ft 1 ©tta^S) 

44 m2comn%z (m2<Dmn^m) 

3 4, 3 5 S2©g£-88 (i2ffli^g) 
3 7 JtttS (JfclR^K) 

u mmm^ 

e fegmMfi^ 

c fegfSMfl^ 

20 v es t JSft«5E(l^ 
r mmhlVtr 
rd ^SL 

rd esl ^SUfS£«^ 
la lEIfrmM 
Ia est fS^HS 
Ea i^tE 

Ea est gi^^mjtsfs-^ 

Va est SEJtSgfs^ 

0 mmm? 




(14) 



^12002-25 1850 



im 1 1 




^ 50 



3 7-A 7 7^^iX-^ Va 13EfH^ 

4 »S rdest *ft»£*3# 



J - ' 




I s z + 2 Co org * +<u 0 2 





' Tdttt 



r d«t 



(a) ^/j 

47 : 



[14] 

3- 1 



24 



Kt 



-52 





_ u 






J'3 





D dB 



[05] 




Td 



53 



fb) 



1 1 



1 L 

»'+*C| »i i 



9n 



Kt i 



25 



(15) 



mm 2002-251850 



[06] [07 1 




66 



[08] [0111 




(16) 



fSM2 002-251850 



[HI 2] 




